GPS and GIS Methods to Reproduce Vehicle Trajectories in Urban Areas  by Barrile, Vincenzo & Postorino, Maria Nadia
 Procedia - Social and Behavioral Sciences  223 ( 2016 )  890 – 895 
Available online at www.sciencedirect.com
1877-0428 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).









aDepartment of Civil, Energy, Environment and Materials Engineering (DICEAM), University Mediterranea of Reggio Calabria                 
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RQHRIWKHPRVWXQVDIHWUDQVSRUWPRGH,QIDFWPDQ\YHKLFOHVRQWKHVDPHWUDIILFODQHRURQDGMDFHQWODQHVLQWHUDFW
DPRQJ WKHP WKHLU WUDMHFWRULHV FDQ FURVV DQG DFFLGHQWV RFFXU0RUHRYHU LQ VRPH FDVHV H[FHVVLYH VSHHG RU RWKHU
GULYLQJ IDFWRUV DOVR FDXVH VLQJOHFDU DFFLGHQWV ,Q XUEDQ DQGPHWURSROLWDQ DUHDV FDU DFFLGHQWV DUH YHU\ FRPPRQ
RIWHQZLWKVHULRXVFRQVHTXHQFHVQRWRQO\IRUFDURFFXSDQWVEXWDOVRIRUSHGHVWULDQVZKLFKFRXOGUHPDLQLQYROYHGLQ
WKHDFFLGHQW
,Q WKLV OLJKW LQWHOOLJHQW YHKLFOHV VKRXOG DYRLG VXFK VLWXDWLRQV E\ZDUQLQJ GULYHUVZLWK OLJKWV DQG VLJQDOV ± RU




LQ WKH WUDQVSRUW V\VWHP PDLQO\ IRU LPSOHPHQWLQJ ,QWHOOLJHQW 7UDQVSRUWDWLRQ 6\VWHP ,76 VROXWLRQV DGGUHVVHG WR
LPSURYHVDIHW\DQGUHGXFHERWKFRQJHVWLRQDQGHQYLURQPHQWDOLPSDFWV$JHQWEDVHGPHWKRGVDQGVHQVRUVRQURDGV
KDYHEHHQPRGHOOHGWRPRQLWRUWUDIILFFRQGLWLRQV3RVWRULQR	6DUQpZKLOHPDSPDWFKLQJDOJRULWKPVKDYH
EHHQ XVHG WR LGHQWLI\ WKH URDG VHJPHQW ZKHUH WKH YHKLFOH LV WUDYHOOLQJ DV ZHOO DV WKH YHKLFOH ORFDWLRQ 4XGGXV
2FKLHQJ 	 1RODQG  ILQDOO\ IX]]\ WHFKQLTXHV KDYH EHHQ H[SORUHG IRU GHPDQGUHVSRQVLYH WUDIILF OLJKWV
3RVWRULQR	9HUVDFL
6DIHW\ DVSHFWV DVZHOO DV EXVLQHVV RSSRUWXQLWLHVPDNH LQWHOOLJHQW YHKLFOHV RQHRI WKHPRVW DWWUDFWLYH UHVHDUFK
ILHOGVIRUFDULQGXVWULHV$VDQH[DPSOH)RUGDORQJVLGHWKH$PHULFDQ'HSDUWPHQWRI7UDQVSRUWDWLRQKDVRUJDQL]HG
D FRQVRUWLXP FDOOHG &UDVK $YRLGDQFH 0HWULFV 3DUWQHUVKLS &$03 WR GHYHORS LQWHOOLJHQW YHKLFOH UHVHDUFKHV
DGGUHVVHG WR JXDUDQWHH VDIHW\ HQKDQFH GULYLQJ H[SHULHQFH DQG UHGXFH WUDIILF FRQJHVWLRQ )RUG FRUSRUDWH 
6LPLODUO\ WKH SURMHFW ³$GDSW,9H´ IXQGHG E\ WKH (XURSHDQ &RPPLVVLRQ DQG FRRUGLQDWHG E\9RONVZDJHQ*URXS
5HVHDUFKZLOOGHYHORSDQGWHVWFDUWHFKQRORJLHVWRDFKLHYHDQLGHDOFRRSHUDWLYHLQWHUDFWLRQEHWZHHQGULYHUVDQGWKH
LQYHKLFOHDXWRPDWHGV\VWHPV9RONVZDJHQ





:KDWHYHU WKH V\VWHP WKH DQDO\VLV RI GULYHU¶V FKDUDFWHULVWLFV DQG UHDFWLRQV LQ D WUDIILF VWUHDP ZKLFK OHDG WR
YHKLFOHWUDMHFWRULHVLVRQHRIWKHNH\IDFWRUVWRLPSOHPHQWDXWRPDWHGGHYLFHVKHOSLQJLQFUHDVLQJVDIHW\DQGUHGXFLQJ
WUDIILFFRQJHVWLRQ$VIRUWUDMHFWRULHVLQUHFHQW\HDUVPDQ\YHKLFOHVDUHHTXLSSHGZLWK*36WRIROORZSDWKVDQGILQG










*36 DQG*,6 WR LGHQWLI\ RQ JURXQG DLUFUDIW WUDMHFWRULHV DV EDVLV IRU DLUSRUW JURXQGFRQWURO V\VWHPVZKLOH 6RQJ
;LDQ =KDQJ -LDQJ 	 =KDQJ  SUHVHQW DQ LPSURYHG ORFDOL]DWLRQ DOJRULWKP EDVHG RQ ODVHU UDQJH ILQGHU WR
RYHUFRPH SUREOHPV GXH WR ZHDNQHVV RU XQDYDLODELOLW\ RI *36 VLJQDOV IRU TXDGURWRU XQPDQQHG DHULDO YHKLFOHV
)LQDOO\%DUULOH$UPRFLGD	'L&DSXDDSSO\DFRPELQHG*,6PRGHOIRUJHQHUDWLQJDIIRUGDEOHPDSV
7KHJRDORIWKLVSDSHULVWRUHSURGXFHYHKLFOHWUDMHFWRULHVE\XVLQJ*36GDWDE\VWDUWLQJIURPDFRPPXQLFDWLRQ
V\VWHP EHWZHHQ WKH YHKLFOH DQG WKH GDWD SURFHVVLQJ FHQWHU 3DUWLFXODUO\ D FRPSDULVRQ EHWZHHQ WKH (XURSHDQ
*HRVWDWLRQDU\ 1DYLJDWLRQ 2YHUOD\ 6HUYLFH (*126 DQG WKH 5HDO 7LPH .LQHPDWLF 57. PHWKRG KDYH EHHQ
UHDOL]HGWRYHULI\WKHLUUHVSHFWLYHSHUIRUPDQFHVDQGDVXLWDEOH*HRJUDSKLFDO,QIRUPDWLRQ6\VWHP*,6IXQFWLRQKDV
EHHQXVHG WRGHSLFWGHWHFWHGSRLQWV6WDUWLQJ IURP LGHQWLILHGSRLQWV WKHYHKLFOH WUDMHFWRULHV FDQEH UHSURGXFHG7KH



















7KH WHFKQRORJLFDO FRPSRQHQWVRI WKH V\VWHPDUHDGHYLFH WRGHWHFWSRVLWLRQ *36 D WUDQVPLVVLRQGHYLFH FHOO




ZKHUH WKH UHIHUHQFH UHFHLYHU PDVWHU LV ORFDWHG ZLWKLQ D VWDWLRQ ZKRVH FRRUGLQDWHV DUH NQRZQ LQ D JHRFHQWULF
UHIHUHQFHV\VWHP7RREWDLQWKHYHKLFOHORFDWLRQWZRGLIIHUHQWPHWKRGVFDQEHXVHG(*126DQG57.7KH(*126
V\VWHP &KHQ 7RUDQ0DUWL	 9HQWXUD7UDYHVHW LV ZLGHO\ XVHG EHFDXVH LW SURYLGHV WKH ORFDWLRQ
GDWDLPPHGLDWHO\2QWKHFRQWUDU\WKH57.PHWKRG$O6KDHU\=KDQJ	5L]RVSURFHVVHVGDWDLQUHDOWLPHWR
FRPSXWHWKHREMHFWSRVLWLRQ,WLVPRUHSUHFLVHWKDQ(*126EXWUHTXLUHVPRUHFRPSXWDWLRQDOHIIRUWV:KLOHWKHXVH
RI (*126 GHSHQGV RQ DYDLODEOH FRPPHUFLDO GHYLFHV WKH 57. PHWKRG UHTXLUHV DGKRF VRIWZDUH DUFKLWHFWXUHV




NP EHWZHHQ WKH PDVWHU UHFHLYHU DQG WKH PRYLQJ REMHFW URYHU7KH *36 WUDFNUHFRUGLQJ IXQFWLRQ ± ZKLFK LV D
VWDQGDUGIXQFWLRQLQ*36GHYLFHVVWRULQJFRRUGLQDWHLQIRUPDWLRQ±KDVEHHQXVHG&KX:X<X	3DUNJLYHQ
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7KHDUFKLWHFWXUHEULHIO\ LQWURGXFHG LQ WKHSUHYLRXV VHFWLRQKDVEHHQDSSOLHG WRD WHVW FDVH7KHHVWLPDWHRI WKH
SUHFLVLRQFRQFHUQLQJPHDVXUHDQGORFDWLRQ±SXQFWXDOO\DQGLQUHDOWLPH±KDVEHHQUHDOL]HGE\XVLQJD57.*36





x $OO WKHPHDVXUHVZLWKDQDEVROXWHYDOXHRIDFFHOHUDWLRQJUHDWHU WKDQPVSUREDEO\FDXVHGE\ ORFDWLRQ
HUURUVRUXQVWDEOHWUDIILFFRQGLWLRQVKDYHWREHUHPRYHG
x $OO WKH VSHHGPHDVXUHVZKRVH GLIIHUHQFH IURP WKH DYHUDJHYDOXH LQ WKH URDG VHFWLRQ LV JUHDWHU WKDQ WKH











PRYLQJ DORQJ WKH URDG QHWZRUN RI WKH FLW\ RI 5HJJLR &DODEULD 6RXWKHUQ ,WDO\ $V WKH SLFWXUH VKRZV DQG DV
H[SHFWHG57.SURYLGHVSRLQWVFORVHUWRWKHUHDOLGHDOWUDMHFWRU\IROORZHGE\WKHWHVWYHKLFOHHJULJKWOLQHLQWKH
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:L)L
x $GYDQWDJHV ORZ FRVWV YHU\ ORZ ODWHQF\ ± UHDOO\ LPSRUWDQW IRU UHDOWLPH DSSOLFDWLRQV VLPSOLFLW\ RI
LPSOHPHQWDWLRQ HJ DG KRF:L)L GLUHFW QHWZKHUH WKH VWDWLRQV FRPPXQLFDWH DPRQJ WKHP DW WKH VDPH
OHYHORILPSRUWDQFHZLWKRXWQHHGLQJDQDFFHVVSRLQW
x 'LVDGYDQWDJHVOLPLWVRIWKHFKDQQHOUREXVWQHVVHJGLVWDQFHEHWZHHQYHKLFOHVVKRXOGQRWH[FHHGDJLYHQ
WKUHVKROG ± JHQHUDOO\ QR PRUH WKDQ  PHWHUV LQ JRRG ZHDWKHU FRQGLWLRQV ZLWK D FOHDU OLQH RI VLJKW
EHWZHHQ DQWHQQDV ± DQG DEVHQFH RI REVWDFOHV EHWZHHQ WKHP TXDOLW\ RI WKH VLJQDO LQIOXHQFHG E\


















WKHKDUGZDUHVRIWZDUHVHWDQGWKHUHODWHGFRVWV+RZHYHUUHDO WLPHSURFHVVLQJLVPRUHDWWUDFWLYHWR LPSOHPHQW LQ
YHKLFOH DXWRPDWHGGHYLFHV%\XVLQJ FRPPRQO\ DYDLODEOHKDUGZDUH VXFKDV3& ODSWRS*36DQWHQQDVZLWK VHULDO
FRQQHFWLYLW\%OXHWRRWKRU86%DQGH[WHUQDOGLSRODU:L)LDQWHQQDVFRPSOHWHO\UHPRWHGDWDSURFHVVLQJUHDOWLPH
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FDQ EH DGRSWHG 7KLV LV WKHPRVW FRPSOHWH DQG RSHUDWLRQDO VROXWLRQ EXWPRUH H[SHQVLYH DQG FRPSOH[ WR UHDOL]H
EHFDXVHHDFKYHKLFOHVVKRXOGEHHTXLSSHGZLWKD3&ODSWRS
&RQFOXVLRQV
5HSURGXFLQJ WUDMHFWRULHV LV DQ LPSRUWDQW VWDUWLQJ SRLQW WR LPSOHPHQW RQERDUG YHKLFOH GHYLFHV DGGUHVVHG WR
LPSURYH VDIHW\ DQG UHGXFH FRQJHVWLRQZLWK LWV UHODWHG HQYLURQPHQWDO LPSDFWV $XWRPDWLFDXWRQRPRXV FDUV FRXOG
EHQHILW IURP GHYLFHV DEOH WR UHGXFH WKH ULVN DVVRFLDWHG WR RYHUWDNLQJ PDQRHXYUHV 3DUWLFXODUO\ WKH WUDMHFWRULHV
IROORZHGE\GULYHUVGXULQJVXFKPDQRHXYUHVDVZHOODVWKHVSHHGFKDQJHVFDQEHGHWHFWHGE\DWUDIILFPDQDJHPHQW
FHQWUHLQRUGHUWRPRQLWRUWUDIILFFRQGLWLRQV7KHJRRGSHUIRUPDQFHVRI57.PHWKRGVFRPELQHGZLWKWKHXVHRI*,6
IXQFWLRQV RSHQ SURPLVLQJ VFHQDULRV IRU PRQLWRULQJ IORZ FRQGLWLRQV RQ XUEDQ URDGV DQG WKHQ DGRSWLQJ HIILFLHQW
VROXWLRQVWRUHGXFHWUDIILFQHJDWLYHLPSDFWV$OWKRXJKWKLV57.VROXWLRQLVPRUHH[SHQVLYHDQGFRPSOH[WRUHDOL]H
WKDQWKHVLPSOHU(*126ZKRVHPDLQDGYDQWDJHLVOLQNHGWRWKHFRPSXWLQJVSHHGKRZHYHUWKHDFKLHYHGDFFXUDF\





%DUULOH 9 	 %LORWWD *  6HOIORFDOL]DWLRQ E\ /DVHU 6FDQQHU DQG *36 LQ DXWRPDWHG VXUYH\V 1 0DVWRUDNLV 	 9 0ODGHQRY (GV
&RPSXWDWLRQDO 3UREOHPV LQ (QJLQHHULQJ /HFWXUH QRWHV LQ HOHFWULFDO HQJLQHHULQJ  SS  6SULQJHU ,QWHUQDWLRQDO 3XEOLVKLQJ
6ZLW]HUODQG




RSWLPDODOWHUQDWLYHVJournal of Transport Geography, 51±
&KHQ57RUDQ0DUWL)	9HQWXUD7UDYHVHW-$FFHVVWRWKH(*126VLJQDOLQVSDFHRYHUPRELOH,3 GPS Solutions7
&KX+&:X/:<X+0	3DUN-+'LJLWDO7UDLOV'LVFRYHULQJRID*36(PEHGGHG6PDUW3KRQH7DNH1RNLD15XQQLQJ
6\PELDQ 6 9HU  IRU ([DPSOH Secure and Trust Computing, Data Management, and Applications YROXPH  RI WKH VHULHV
Communications in Computer and Information Science
)RUGFRUSRUDWH&DVHVWXG\KWWSFRUSRUDWHIRUGFRPPLFURVLWHVVXVWDLQDELOLW\UHSRUWYHKLFOHFDVHFRQQHFWHG
.UXPP-7UDMHFWRU\$QDO\VLVIRU'ULYLQJ,Q<=KHQJ	;=KRX(GVComputing with Spatial TrajectoriesSS6SULQJHU
/RX<=KDQJ&=KHQJ<;LH;:DQJ:	+XDQJ<0DSPDWFKLQJIRUORZVDPSOLQJUDWH*36WUDMHFWRULHV3URFHHGLQJVRIWKH
WK$&06,*63$7,$/,QWHUQDWLRQDO&RQIHUHQFHRQ$GYDQFHVLQ*HRJUDSKLF,QIRUPDWLRQ6\VWHPV
3RVWRULQR01%DUULOH9	&RWURQHR)6XUIDFHPRYHPHQWJURXQGFRQWUROE\PHDQVRID*36±*,6V\VWHPJournal of Air Transport 
Management, 12±
3RVWRULQR01	9HUVDFL0 8SJUDGLQJXUEDQ WUDIILF IORZE\DGHPDQGUHVSRQVLYH IX]]\EDVHG WUDIILF OLJKWVPRGHO International 
journal of modelling & simulation34
3RVWRULQR01	6DUQq*0/$Q$JHQWEDVHG6HQVRU*ULGWR0RQLWRU8UEDQ7UDIILF3URFHHGLQJVRIWK:RUNVKRSRQ2EMHFWV
DQG$JHQWV:2$&(859ROSS
4XGGXV 0$ 2FKLHQJ :< 	 1RODQG 5%  ,QWHJULW\ RI PDS PDWFKLQJ DOJRULWKPV Transportation Research Part C: Emerging 
Technologies, 14±
4XGGXV0	:DVKLQJWRQ 6  6KRUWHVW SDWK DQG YHKLFOH WUDMHFWRU\ DLGHGPDSPDWFKLQJ IRU ORZ IUHTXHQF\*36 GDWDTransportation 
Research Part C: Emerging Technologies, 55±
6RQJ<;LDQ%=KDQJ<-LDQJ;	=KDQJ;7RZDUGVDXWRQRPRXVFRQWURORITXDGURWRUXQPDQQHGDHULDOYHKLFOHVLQD*36GHQLHG
XUEDQDUHDYLDODVHUUDQJHUILQGHUOptik - International Journal for Light and Electron Optics126±
9RONVZDJHQ  (XURSHDQ UHVHDUFK SURMHFW 
$GDSW,9H
 GHYHORSV IHDWXUHV IRU DXWRPDWHG GULYLQJ KWWSZZZYRONVZDJHQDJFRP
FRQWHQWYZFRUSLQIRBFHQWHUHQQHZVDGDSWLYHKWPO
